The 13C and 15N chemical shifts of five Narylguanidinium chlorides carrying polar substituents, ranging in character from 4-methoxy to 4-nitro groups, have been determined by NMR spectroscopy at the natural-abundance level of 13C and 15N in dimethyl sulfoxide solution. Comparison of the 13C shifts of these salts with those of monosubstituted benzenes shows that the guanidinium group induces an average downfield shift of -5.8 ppm of the resonance of the aryl carbon to which it is attached (Cl), an average upfield shift of +4.2 ppm for C2 and C6, and a small unfield shift of +1.9 ppm for C4. The shifts of C3 and C5 are smal and erratic relative to the corresponding carbons in monosubstituted benzenes. The 15N resonances of the guanidinium nitrogens are quite sensitive to electric effects resulting from substitution of polar groups at C4.
shifts of C3 and C5 are smal and erratic relative to the corresponding carbons in monosubstituted benzenes. The 15N resonances of the guanidinium nitrogens are quite sensitive to electric effects resulting from substitution of polar groups at C4.
The 15N shift of the =NAr nitrogen relative to that of the salts suggests that the predominant tautomer for N-arylguanidines is (H2N)2C=NAr. The 15N shifts of the (NH2)2 nitrogens correlate rather well with ap -parameters, whereas the shifts of the -NHAr nitrogens seem to correlate only with R values derived from the ap -substituent constants.
Guanidine is the strongest known organic base, its remarkable basicity being ascribed to substantially increased electron delocalization made possible by addition of a proton (for review, see ref. 1). To assess the influence of polar substituents on the "3C and "5N NMR shifts of guanidinium ions, we have investigated the effects produced by a substituent, X, for several N-arylguanidinium chlorides for which the resonance structures 1-3 are usually written to account for their reluctance to lose a proton relative to ammonium salts.
NH2
'NH2 The C7 chemical shifts are virtually insensitive toward substitution of polar groups at C4. This is surprising, considering the sensitivity of 3-carbon shieldings in 4-substituted cyclopropylbenzenes (5), 4 -substituted ethenylbenzenes (6) , and N-(benzylidene)arenamines (7) and the /-nitrogen shieldings of N-(arylmethylidene)amine hydrochlorides (8) . Apparently, the electrical effects of the polar groups, X, are transmitted primarily to the nitrogens of the guanidinium groups because, as we will show, the effects are much larger on the 5N chemical shifts than on the "3C shifts of the C7 carbons.
The 'IN chemical shifts of the N-arylguanidinium chlorides are given in Table 2 . The Ni and N3 chemical shifts cover from 291.5 to 297.1 ppm; the N2 shifts are at lower fields, between 271.2 and 276.9 ppm. The equivalence of the N1 and N3 chemical shifts indicates that rotation about the C-N2 bond in these compounds is fast on the NMR time scale. This observation is in accord with studies by Bally and coworkers (9) and also by Kessler and Leibfritz (10) , who have shown that the activation energy for rotation about the C-N2 bond is 10-13 kcal/mol (42-54 kJ/mol) for closely related guanidinium analogs. When the shifts in Table 2 are compared with the 15N shifts of N-arylguanidines themselves (unpublished results), it is evident that protonation produces a large diamagnetic shift of -50 ppm in the N2 resonances and a somewhat smaller paramagnetic shift of -8 ppm in the N1 and N3 resonances. A parallel pattern of nitrogen shift changes occurs in the protonation of imidazole-the large upfield shift being typical of the protonation of a C=N-nitrogen, and the smaller downfield shift corresponding to increased charge through the change of -NH2 to -NH26' (8, 11) . Because on protonation the resonance of N2 makes a large upfield shift, the preferred tautomer for N-arylguanidines, like sulfaguanidine (12), must have the C=N double bond conjugated with the aryl group, as in 4.

In general, the 15N chemical shifts for both the N1 and N3 and the N2 nitrogens of N-arylguanidinium chlorides are sensitive to the polar effects of substituents at C4 on the benzene ring. Electron-withdrawing substituents cause downfield shifts; electron-donating substituents produce the opposite effect. The range of N2 chemical shifts from 4-nitro to 4-methoxy is 5.7 ppm, which is much smaller than the 25.5-ppm difference between the same substituents for benzenamines (13) and the 14.9-to 23.8-ppm difference observed for various N-(arylmethylene)amines (4) , but it is much larger than the range of shifts reported for benzenammonium salts (14) . Table 3 summarizes correlations of the N2 shifts with various substituent parameters. The N2 shifts correlate relatively poorly with ap (15) and a (16, 17) values. However, there is a much better correlation ofthe N2 shifts with R values derived from ap-substituent constants (18) . Thus, a substantial conjugative component can be inferred for substituent effects on the N2 chemical shifts and has a parallel in 15N shifts for N-arylethanamides (19) . In fact, a good linear correlation exists between the N2 shifts and those found for N-arylethanamides (19) , with a slope of 1.14, an intercept of 0.17, and r = 0.998. transients. The pulse angle was 20°( 20-fgsec pulse width), and 8 W of proton-decoupling power was used only during the acquisition of the free-induction decays so that the sample remained at ambient probe temperature (n;28 C). Dimethyl sulfoxide was used as the solvent.
